The structure of the C-Raf RBD-CRD complex was modeled by assembling the separately available crystal structures of the C-Raf RBD (PDB, 4G0N) and C-Raf CRD (PDB, 1FAQ) using a flexible linker with the protein sequence of residues 133-136 that links these two domains. The C-Raf RBD and C-Raf CRD are connected using the webserver AIDA, which links the protein subdomains together by addressing the relative orientation between RBD and CRD.
and #5, the starting configurations of C-Raf RBD-CRD was that of SC0 (see section above). In Simulation #3 and #4, two other different configurations extracted from the 1 µs simulation of C-Raf in solution were adopted. In this way, the initial displacement of CRD relative to the membrane could be larger (~8.5 nm, Simulation #3) or smaller (~5 nm, Simulation #4) than in Simulation #1 and Simulation #2 (~6 nm). In addition, one simulation, #6, was carried out by placing the CRD near switch II of K-Ras to test whether this proximity leads to the formation of stable contacts. This simulation was performed for ~240 ns. In all simulations the K-Ras4B catalytic-domain was linked to the HVR and anchored to the membrane with a C-terminal farnesyl group pre-inserted into the membrane following previous studies (Refs. 30, 31 in main text). The parameters for the farnesyl group were generated by the CHARMM generalized force field (CGenFF). 3 The model membrane was composed of 360 POPC (Palmitoyloleoylphospatidyl-choline) and 90 POPS (1-Palmitoyl-2-oleoylphosphatidylserine) lipid molecules (20 % POPS). The POPS are equally distributed in each leaflet of the membrane. All model membranes were created by the CHARMM-GUI and equilibrated for 100 ns. 4 
Simulation Conditions
The modeled structure of the C-Raf RBD-CRD : K-Ras4B complex was solvated in a box of TIP3P water. A number of water molecules were replaced randomly by Sodium and Chloride ions to obtain a neutral charge system with a near-physiological ion concentration of 150 mM. The simulation systems were energy minimized for 2000 steps. Sequentially, a short simulation of 0.5 ns was performed with a harmonic restraint on protein heavy atoms and lipid phosphate groups, followed by another 0.5 ns restraint simulation on only the Cα atoms of the proteins.
The initial 50 ns of all simulations were performed using the NAMD/2.10 package. 5 The NAMD simulations were performed with a time step of 2 fs, and were coupled with a thermostat at 310 K, and a barostat at 1 bar with a semi-isotropic Langevin scheme. A 1.2 nm cut-off (with force-switching between 1.0 and 1.2 nm) was used for van der Waals and for local electrostatic interactions. The long distance electrostatic interaction was treated by the Particle-Mesh Ewald (PME) method. The equilibrated NAMD simulations were transferred to Anton2; a specialized supercomputer for molecular dynamics simulation, 6 and run on this computer for the remaining simulation time. Production simulations were carried out for 1 µs for simulations #1 to #5 of the modeled C-Raf RBD-CRD : K-Ras4B complex.
Free Energy Calculations
In order to calculate the potential of mean force (PMF) of K-Ras4B or C-Raf CRD binding to the membrane, umbrella sampling simulations were performed. 7 The reaction coordinate is set is the cumulative statistical error as shown in Fig. 6b . In total, these simulations amounted to 3.6 µs of trajectories. Although the sampling within each window is longer than used in other recent publications of proteins in and at membranes, 11 very substantial configurational reorganizations may not be sampled, a standard caveat using a 1D reaction coordinate.
Analysis
Unless stated otherwise, we regarded the initial 50 ns from each trajectory as equilibration, did not include it in our analyses. The trajectories of C-Raf RBD-CRD were clustered using Wordom (Fig. 1) . 12 The clustering were based on the RMSD using a quality threshold-like algorithm and a cut-off distance of 5 Å. The Fusion Protein Modeller program 13 was used to explore the configurational space of C-Raf RBD-CRD by rotating residues in the shorter linker (132 to 137) (Fig. S1b) . The contact maps between one protein domain with another (RBD: CRD, RBD:
RAS, CRD: RAS) were made by counting the contact events, i.e. when the distance between residues of one domain and residues of another domain is less than 5.0 Å. Occupancy is the % number of simulation frames where the interaction is present (Fig. S1c and Fig. S3 ). The criteria for a cation-π interaction is that the distance between all the aromatic ring atoms and the choline nitrogen are below 7 Å and that there is no more than a 1.5 Å difference between these distances ************************************************************ ******* The CRD-RBD linker is indicated by line in both. B-Raf is mutated in ~8% of all cancers. A-RAF and C-RAF mutations are very rare in cancer. 13 The majority of mutations are observed in the activation loop (A-loop) near V600, or in the GSGSFG phosphate binding loop (P-loop) at residues 464-469. The mutation frequency in the linker and RBD-CRD regions is moderate in C-as well as B-Raf.; there are several mutations in the Ras binding interface of the C-Raf RBD and in the regions we find that are interacting with the membrane. However, with exception of L86P and Q156 stop, these are all single count according to the COSMIC database. In the linker region, there are two mutations, L136P and R143L with a count of two.
